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7KH DGHTXDFLHV RI WKH GHYHORSHG HTXDWLRQV ZHUH FKHFNHG E\ $QDO\VLV RI 9DULDQFH $129$ WHFKQLTXH 5
6TXDUHG5LVDFRUUHODWLRQFRHIILFLHQW ZKLFKPHDVXUHVYDULDWLRQSURSRUWLRQLQWKHGDWDSRLQWV UDQJLQJ IURP WR
 7KHYDOXHRI5FORVHWR LQGLFDWHVWKDWWKHHTXDWLRQLVVLJQLILFDQW 2QWKHRWKHUKDQGWKH$GMXVWHG56TXDUHG
ZKLFK LVDPHDVXUHRIWKHDPRXQWRIYDULDWLRQDERXWWKHPHDQ DQGWKH3UHGLFWHG56TXDUHG ZKLFK LVDPHDVXUHRI
KRZJRRGWKHPRGHOSUHGLFWVDUHVSRQVHYDOXH VKRXOGEHZLWKLQDERXWRIHDFKRWKHU 2WKHUZLVH WKHUHPD\EHD
SUREOHPZLWKHLWKHUWKHGDWDRUWKHPRGHO$GHTXDWHSUHFLVLRQ RU DVLJQDOWRQRLVHUDWLR YDOXHZKLFK LVDPHDVXUHRI
WKHUDQJHLQSUHGLFWHGUHVSRQVHDERXWLWVDVVRFLDWHGHUURUVKRXOGEHRUPRUH $129$UHVXOWVIRU VXUIDFHURXJKQHVV
PRGHOVDUHGHSLFWHGLQ7DEOH ,WFDQEHVHHQWKDWWKHYDOXHVRI56TXDUHGIRUDOOWKHGHYHORSHGHTXDWLRQV(TQV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E\ XQGHUOLQLQJ WKH )YDOXH 6LPLODUO\ SHUFHQWDJH FRQWULEXWLRQV RI GLIIHUHQW HOHPHQWV REWDLQHG E\ GLYLGLQJ WKH
FRUUHVSRQGLQJ HOHPHQW )YDOXH ZLWK WKH WRWDO )YDOXH DUH DOVR VKRZQ LQ 7DEOH  ,W FDQ EH VHHQ WKDW VXUIDFH
URXJKQHVV JHW DIIHFWHGPRVWO\E\ IHHGYDOXH 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 IROORZHGE\ GHSWKRI FXW QHDUO\ 
FRQWULEXWLRQ ZLWK FXWWLQJ VSHHG KDYLQJ OLWWOH LQIOXHQFH +RZHYHU KLJKHU RUGHU RI FXWWLQJ VSHHG FDQ EH VHHQ DV
KDYLQJVLJQLILFDQWHIIHFWRQVXUIDFHURXJKQHVV,WFDQEHVHHQWKDW VRPHRIWKHHOHPHQWVLQDQLQWHUDFWLRQHIIHFWVDQG
HOHPHQWVZLWK WKHLU KLJKHURUGHUV DSSHDUHG WREH VLJQLILFDQWPRGHO WHUPV ZKHQ XVLQJGLIIHUHQW FRROLQJPHGLXPV
3HUFHQWDJH FRQWULEXWLRQV RI WKHVH VLJQLILFDQW PRGHO WHUPV DUH VKRZQ LQ EROGFDVH $OWKRXJK WKHVH HOHPHQWV
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WXUQLQJXQGHUGU\FXWWLQJFRQGLWLRQ +RZHYHU LQFUHDVHLQVXUIDFHURXJKQHVVYDOXHVH[FHHGLQJWKHYDOXHVREWDLQHG
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'HFUHDVHLQ VXUIDFHURXJKQHVV FDQEHVHHQZLWKWKHLQFUHDVHLQFXWWLQJVSHHG+RZHYHU VXUIDFHURXJKQHVVLQFUHDVHG
ZKHQ FXWWLQJ VSHHG H[FHHGV  PPLQ LUUHVSHFWLYH RI WKH FRROLQJ PHGLXPV XVHG 7KLV PD\ EH EHFDXVH RI
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FKDQJH LQ IULFWLRQDO FRQGLWLRQV DQG IDLOXUH RI WKH WRRO QRVH GXH WR LQFUHDVHG WRRO ZHDU DW KLJKHU FXWWLQJ VSHHGV
+RZHYHUWKLVHIIHFWFDQEHVHHQDVPRUHSURPLQHQWZKHQWXUQLQJXQGHUGU\FXWWLQJFRQGLWLRQV 9DULDWLRQRI VXUIDFH
URXJKQHVV ZLWKUHVSHFWWRIHHGDQGGHSWKRIFXWDUHVKRZQLQ)LJV EDQGF,WFDQEHVHHQWKDW VXUIDFHURXJKQHVV
YDU\ DOPRVW OLQHDUO\ ZLWK IHHG DQG GHSWK RI FXW ZKLFK LV LQ OLQH ZLWK WKH FODVVLFDO WKHRU\ RI PHWDO PDFKLQLQJ
+RZHYHUIHHGYDOXHFDQEHVHHQDVKDYLQJPRVWVLJQLILFDQWHIIHFWRQWKHVXUIDFHURXJKQHVV
)URP)LJVDF LWFDQEHVHHQWKDWKDUGWXUQLQJZLWKYHJHWDEOHRLOFRFRQXWRLOEDVHGFXWWLQJIOXLGSURGXFH





)LJ(IIHFWRQ VXUIDFHURXJKQHVV E\D&XWWLQJVSHG E)HHG F'HSWKRIFXW
 'UHVSRQVH VXUIDFHVVKRZLQJLQWHUDFWLRQHIIHFWV
,QRUGHUWRKDYHWKHFOHDUXQGHUVWDQGLQJRIWKHHIIHFWRIDJLYHQLQSXWSDUDPHWHURQWKH VXUIDFHURXJKQHVVZKHQ
KDUG WXUQLQJ XQGHUGU\ FXWWLQJ FRQGLWLRQV DQGZLWKZDWHUEDVHG DQG FRFRQXW RLOEDVHG FXWWLQJ IOXLGV XVLQJ 39'
FRDWHGQDQRODPLQDWHG 7L6L17L$O1 FDUELGH WRRO ' UHVSRQVH VXUIDFHVDUHSORWWHGZLWKYDU\LQJ WZRRI WKH LQSXW
SDUDPHWHUVDQGFRQVLGHULQJYDOXHRIRQHRIWKHLQSXWSDUDPHWHUVDWFHQWUHSRLQW 7DEOHDVVKRZQLQ)LJV '
UHVSRQVHVXUIDFHVRIVXUIDFHURXJKQHVV IRU GU\FXWWLQJDQGZLWKZDWHUEDVHGDQGFRFRQXWRLOEDVHGFXWWLQJIOXLGV DUH
SORWWHGXVLQJWKHGHYHORSHGPRGHOV RI VXUIDFHURXJKQHVVDVGLVFXVVHGLQ6HFWLRQ )LJ  GHSLFWVWKH' UHVSRQVH
VXUIDFHV VKRZLQJ LQWHUDFWLRQHIIHFWVRIFXWWLQJ VSHHGDQG IHHG RQ VXUIDFH URXJKQHVVZKHQKDUG WXUQLQJXQGHUGU\





)LJ  'UHVSRQVHVXUIDFHVVKRZLQJ LQWHUDFWLRQ HIIHFWV RIFXWWLQJ VSHHGDQGIHHGRQVXUIDFHURXJKQHVVIRUD'U\ E:DWHUEDVHG F
&RFRQXWRLOEDVHGFXWWLQJIOXLGV
'XULQJ KDUGWXUQLQJXQGHUGU\FRQGLWLRQWHUPV 9 [ I DQG I [ G KDYHDQLQWHUDFWLRQHIIHFWVRQVXUIDFHURXJKQHVVDV
GHSLFWHGLQ7DEOHZKLFKFDQEHFOHDUO\VHHQIURP)LJVDDQGDUHVSHFWLYHO\ )URP)LJ D LWFDQEHVHHQ
WKDWLQFUHDVHLQWKHVXUIDFHURXJKQHVVZLWKIHHGYDOXHLVPRUHSURPLQHQWDWKLJKHUFXWWLQJVSHHGVIRUGU\FXWWLQJLQ
FRPSDULVRQ WR LQFUHDVH LQ WKH VXUIDFH URXJKQHVV ZLWK IHHG YDOXH DW ORZHU FXWWLQJ VSHHGV +RZHFHU ZKHQ XVLQJ
ZDWHUEDVHGDQGYHJHWDEOHRLOEDVHGFXWWLQJIOXLGVPRUHRU OHVVXQLIRUPLQFUHDVH LQ WKH VXUIDFHURXJKQHVVFDQEH
VHHQZLWKWKHLQFUHDVHLQYDOXHRIIHHGIRUWKHUDQJHRIFXWWLQJVSHHGFRQVLGHUHGLQWKHSUHVHQWVWXG\LHWKHUHLVQR
LQWHUDFWLRQHIIHFW RI 9 [ I RQVXUIDFHURXJKQHVV)LJVEDQGF
2QWKHRWKHUKDQGIURP)LJV D DQGF LWFDQEHVHHQWKDWWKHLQFUHDVHLQWKHVXUIDFHURXJKQHVVZLWKGHSWKRI
FXW LVPRUHSURPLQHQWDWKLJKHU IHHGYDOXHV LQFRPSDULVRQ WR ORZHUYDOXHRI IHHG LH LQWHUDFWLRQ HIIHFW RI I [ G
DSSHDUHG WR EH VLJQLILFDQW RQ VXUIDFH URXJKQHVV IRU GU\ FXWWLQJ DQG ZKHQ XVLQJ FRFRQXW RLOEDVHG FXWWLQJ IOXLG
+RZHYHUWKLVHIIHFWFDQEHVHHQDVOHVVSURPLQHQWIRUKDUGWXUQLQJZKHQXVLQJZDWHUEDVHGFXWWLQJIOXLGDVVKRZQ
LQ)LJE6LPLODUO\ LQWHUDFWLRQHIIHFWRI WHUP 9 [ G RQVXUIDFHURXJKQHVVZKHQKDUG WXUQLQJXQGHUGU\FXWWLQJ
FRQGLWLRQVDQGZLWKZDWHUEDVHGDQGFRFRQXWRLOEDVHGFXWWLQJIOXLGVDUHVKRZQLQ)LJVDF,WFDQEHVHHQWKDW
LQWHUDFWLRQ HIIHFW RI 9 [ G DSSHDUHGWREHVLJQLILFDQW RQVXUIDFHURXJKQHVVZKHQXVLQJFRFRQXWRLOEDVHGFXWWLQJ
IOXLG)LJFUHYHOVWKDW DW ORZHUFXWWLQJVSHHGV VXUIDFHURXJKQHVVLQFUHDVHVVKDUSO\ZLWKLQFUHDVHLQGHSWKRIFXW
+RZHYHULWFDQEHVHHQ WKDWKLJKHU FXWWLQJVSHHG FRXSOHGZLWKKLJKHUGHSWKRIFXWVLJQLILFDQWO\ UHGXFHV WKHVXUIDFH
URXJKQHVV ZKHQXVLQJFRFRQXWRLOEDVHGFXWWLQJIOXLGGXULQJKDUGWXUQLQJ)LJF
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)LJ  'UHVSRQVHVXUIDFHVVKRZLQJ LQWHUDFWLRQ HIIHFWV RI IHHGDQGGHSWKRIFXWRQVXUIDFH URXJKQHVVIRUD'U\ E:DWHUEDVHG F&RFRQXW
RLOEDVHGFXWWLQJIOXLGV
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)URP 'UHVSRQVHVXUIDFHV )LJV LWFDQEHVHHQWKDW VXUIDFHURXJKQHVVLQFUHDVHVZLWKLQFUHDVHLQWKH
YDOXHVRI IHHGGHSWKRIFXWDQGEH\RQG WKHFXWWLQJ VSHHGRIPPLQ ,W FDQEHVHHQ WKDW WKHFRFRQXWRLO
EDVHGFXWWLQJIOXLGSURGXFHG ORZHUYDOXHVRIVXUIDFHURXJKQHVVHVSHFLDOO\DWKLJKHUYDOXHVRI FXWWLQJSDUDPHWHUVLQ
FRPSDULVRQ WR KDUG WXUQLQJ XQGHU GU\ DQG ZLWK ZDWHUEDVHG FXWWLQJ IOXLG +RZHYHU E\ OLPLWLQJ WKH FXWWLQJ
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&2
&2 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 
,W FDQ EH VHHQ WKDW WKH VXUIDFH URXJKQHVV LQ WKH UDQJH RI  ȝP FRPSDUDEOH WR YDOXHV REWDLQHG XVLQJ
JULQGLQJ RSHUDWLRQ FRXOG EH DFKLHYHG GXULQJ KDUG WXUQLQJ RI $,6,  VWHHO  +5& ZLWK 39'FRDWHG
QDQRODPLQDWHG7L6L17L$O1 FDUELGH WRRO)XUWKHU LW FDQEH VHHQ WKDW DOPRVW VLPLODU YDOXHVRI VXUIDFH URXJKQHVV
SURGXFHG GXULQJ KDUG WXUQLQJ XQGHU GU\ FRQGLWLRQ DQG ZLWK ZDWHUEDVHG DQG FRFRQXW RLOEDVHG FXWWLQJ IOXLGV
+RZHYHUXVLQJFRFRQXW RLOEDVHGFXWWLQJIOXLGEHWWHUVXUIDFHILQLVKFRXOGEHREWDLQHGE\HPSOR\LQJKLJKHUYDOXHV
RI FXWWLQJ SDUDPHWHUV LQ FRPSDULVRQ WR KDUG WXQLQJ XQGHU GU\ DQG ZLWK ZDWHUEDVHG FXWWLQJ IOXLG $OWKRXJK
DSSOLFDWLRQRI FXWWLQJ IOXLGV QRW LPSURYHG WKH VXUIDFH ILQLVK DV VXFK LQ FRPSDULVRQ WRGU\ FXWWLQJ XVHRI FXWWLQJ




+DUGWXUQLQJH[SHULPHQWV XQGHUGU\ DQGZLWK ZDWHUEDVHGDQGFRFRQXWRLOEDVHG FXWWLQJIOXLGV ZHUHSHUIRUPHG
RQ KDUGHQHG $,6,  VWHHO  +5& XVLQJ 39'FRDWHG QDQRODPLQDWHG 7L6L17L$O1 FDUELGH WRRO
&RPSDUDWLYH HYDOXDWLRQV RI VXUIDFH URXJKQHVV SURGXFHG ZHUH PDGH FRQVLGHULQJ WKH HIIHFW RI GLIIHUHQW FRROLQJ
PHGLXPV DQG FXWWLQJ SDUDPHWHUV WKURXJK PDWKHPDWLFDO PRGHOLQJ XVLQJ UHVSRQVH VXUIDFH PHWKRGRORJ\ +LJKO\
VLJQLILFDQW SDUDPHWHUV RQ VXUIDFH URXJKQHVV ZHUH GHWHUPLQHG E\ SHUIRUPLQJ DQ$QDO\VLV RI YDULDQFH $129$
([SHULPHQWDO REVHUYDWLRQVLQGLFDWHWKDW KDUGWXUQLQJZLWK FXWWLQJIOXLGVQRW VLJQLILFDQWO\ LPSURYHGWKHVXUIDFHILQLVK
LQFRPSDULVRQWRGU\FXWWLQJ +RZHYHU FRFRQXWRLOEDVHGFXWWLQJIOXLG SURGXFHGORZHUYDOXHVRIVXUIDFHURXJKQHVV
HVSHFLDOO\ DW KLJKHU YDOXHV RI FXWWLQJ SDUDPHWHUV LQ FRPSDULVRQ WR KDUG WXUQLQJ XQGHU GU\ DQG ZLWK ZDWHUEDVHG
FXWWLQJ IOXLG 6XUIDFH URXJKQHVV DOWKRXJK LQLWLDOO\ GHFUHDVHG ZLWK LQFUHDVH LQ FXWWLQJ VSHHG REVHUYHG WR EH
LQFUHDVHG ZKHQ FXWWLQJ VSHHG H[FHHGV  PPLQ LUUHVSHFWLYH RI WKH FRROLQJ PHGLXPV XVHG ,W KDV EHHQ
REVHUYHGWKDWWKHVXUIDFHURXJKQHVVJHWVDIIHFWHGPRVWO\E\IHHG IROORZHGE\ GHSWKRIFXW +RZHYHU WKLVHIIHFW KDV
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EHHQREVHUYHGWREH PRUHSURPLQHQWLQFDVHRI KDUGWXUQLQJXQGHUGU\FRQGLWLRQ ,QWKHSUHVHQWVWXG\ WKHVXUIDFH
URXJKQHVV LQ WKH UDQJH RI  ȝP REWDLQHG LV FRPSDUDEOH WR WKH YDOXHV REWDLQHG XVLQJ JULQGLQJ RSHUDWLRQ
+RZHYHU LWKDVEHHQREVHUYHG WKDW E\ OLPLWLQJ WKHFXWWLQJSDUDPHWHUV HVSHFLDOO\FXWWLQJ VSHHGXSWRPPLQ
KDUG WXUQLQJ XQGHU GU\ FRQGLWLRQ FRXOG EH WKH EHWWHU RSWLRQ LQ FRPSDULVRQ WR KDUG WXUQLQJ ZLWK FXWWLQJ IOXLGV








%HOOXFR: 'H &KLIIUH /  3HUIRUPDQFH HYDOXDWLRQ RI YHJHWDEOHEDVHG RLOV LQ GULOOLQJ DXVWHQLWLF VWDLQOHVV VWHHO -RXUQDO RI0DWHULDOV
3URFHVVLQJ7HFKQRORJ\
%UXQL& )RUFHOOHVH $ *DEULHOOL ) 6LPRQFLQL0  (IIHFW RI WKH OXEULFDWLRQFRROLQJ WHFKQLTXH LQVHUW WHFKQRORJ\ DQGPDFKLQH EHG
PDWHULDO RQ WKH ZRUN SDUW VXUIDFH ILQLVK DQG WRRO ZHDU LQ ILQLVK WXUQLQJ RI $,6, % ,QWHUQDWLRQDO -RXUQDO RI 0DFKLQH 7RROV DQG
0DQXIDFWXUH±










-D\DGDV 1+ 1DLU 3. $MLWKNXPDU *  7ULERORJLFDO HYDOXDWLRQV RI FRFRQXW RLO DV DQ HQYLURQPHQWIULHQGO\ OXEULFDQW 7ULERORJ\
,QWHUQDWLRQDO
-RKQ - %KDWWDFKDU\D0 5D\QRU 3&  (PXOVLRQV FRQWDLQLQJ YHJHWDEOH RLOV IRU FXWWLQJ IOXLG DSSOLFDWLRQ &ROORLGV DQG 6XUIDFHV $
3K\VLFRFKHP(QJ$VSHFWV
.KDQ00$'KDU153HUIRUPDQFHHYDOXDWLRQRIPLQLPXPTXDQWLW\ OXEULFDWLRQE\YHJHWDEOHRLO LQ WHUPVRIFXWWLQJ IRUFHFXWWLQJ
]RQHWHPSHUDWXUHWRROZHDUMREGLPHQVLRQDQGVXUIDFHILQLVKLQWXUQLQJ$,6,VWHHO-=KHMLDQJ8QLY6FL$±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;DYLRU0$$GLWKDQ0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